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Summary

The coronavirus disease 2019 (Covid-19) pandemic, caused by severe acute respira-

tory syndrome coronavirus 2 (SARS-CoV-2), is an international public health crisis

with devastating effects. In particular, this pandemic has further exacerbated the bur-

den in tropical and subtropical regions of the world, where dengue fever, caused by

dengue virus (DENV), is already endemic to the population. The similar clinical mani-

festations shared by Covid-19 and dengue fever have raised concerns, especially in

dengue-endemic countries with limited resources, leading to diagnostic challenges. In

addition, cross-reactivity of the immune responses in these infections is an emerging

concern, as pre-existing DENV-antibodies might potentially affect Covid-19 through

antibody-dependent enhancement. In this review article, we aimed to raise the issue

of Covid-19 and dengue fever misdiagnosis, not only in a clinical setting but also with

regards to cross-reactivity between SARS-CoV-2 and DENV antibodies. We also have

discussed the potential consequences of overlapping immunological cascades

between dengue and Covid-19 on disease severity and vaccine development.
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1 | INTRODUCTION

In December 2019, pneumonia cases of unknown etiology were

reported in Wuhan district of Hubei Province, China.1 By January

7, 2020, the causative agent of the disease was identified as the 2019

novel coronavirus (2019-nCoV).2 The virus was later renamed as

severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), and

hence the disease was termed coronavirus disease 2019 (Covid-19).3

On January 30, 2020, the World Health Organization (WHO)

announced Covid-19 as a Public Health Emergency of International

Concern (PHEIC), and 2 months later, on March 11, it was declared as

a global pandemic.3-5 SARS-CoV-2 is primarily transmitted from

person-to-person through droplets while coughing and sneezing,

enabling the virus to disperse upto 1 to 2 m.6-8 The transmission

occurs not only from symptomatic and pre-symptomatic patients but

also probably from those who are asymptomatic,9-13 with the incuba-

tion period ranging from 2 to 14 days.3,6 There is no specific antiviral

for Covid-19 but multiple drugs are being assessed in clinical

trials.14-17

Dengue is a major public health problem throughout tropical and

sub-tropical regions.18 This disease is caused by any of the four sero-

types of dengue virus (DENV), transmitted by mosquitoes, primarily

the Aedes aegypti species and the development of a efficacious vac-

cine still remains a challenging task19,20 Dengue is also a rapidly

increasing problem among international travelers21-24 and it is the

leading cause of febrile illness in returning travelers from Asia.25,26 In

Asia, dengue is endemic and there has been a 400% increase in the

number of dengue cases over the last 13 years (2000-2013), with the

World Health Organization (WHO) estimating there to be 100 million

symptomatic cases and 300 million asymptomatic cases, annually.27

Singapore, a Southeast Asian country, is experiencing a dengue out-

break that has been ongoing since April 9, 2020; there were 5091

cases with 98 active clusters.28 Dengue outbreaks also occurred in

Indonesia where 68 000 dengue cases have been reported across the

nation as of June 21, 2020, resulting in 446 deaths.29 The dengue

cases were reported in 460 districts in Indonesia of which 439 of

them have also reported cases of Covid-19.30 Dengue outbreaks have

occurred in other Asian countries as well.31

Clinical symptoms of Covid-19 include cough, muscle aches,

fatigue, skin rash, and petechiae, making it challenging to differentiate

Covid-19 from other endemic viral infections in the region, such as

dengue,32 and thus potentially leading to misdiagnosis.33 In addition, a

study in Singapore reported the possibility of serological cross-

reactivity between SARS-CoV-2 and DENV,34 raising the question of

overlapping immunological cascades between Covid-19, dengue, and

other arboviruses. This article aims to: (a) provide evidence of Covid-

19 and dengue misdiagnosis in clinical settings and the possibility of

cross-reactivity between SARS-CoV-2 and DENV; (b) discuss the

possible consequence of immune response overlapping on enhance-

ment or protective effect, disease severity and vaccine development;

and (c) provide insights for further studies that are urgently needed in

the region.

2 | COVID-19 PANDEMIC AND ITS EFFECT
ON DENGUE IN ASIA

Co-infection and co-occurrence of Covid-19 and dengue have intro-

duced a significant burden on healthcare systems in dengue-endemic

regions.35-39 The complexity of diverse disease severities, prolonged

infectious periods, and shared clinical manifestations and pathogene-

sis have made their diagnosis, treatment, and resource allocation chal-

lenging, particularly in developing countries in Asia with high

prevalence of dengue and other arboviruses.

2.1 | Misdiagnosis between dengue and Covid-19

A study consisting of more than 44 000 Covid-19 cases in China

found that 81% of the cases exhibited mild to moderate symptoms.40

Some patients reported complaints of fever, cough, muscle aches, or

fatigue with normal chest radiography, resembling other viral

infections, thereby making it is difficult for doctors to differentiate

Covid-19 from dengue, which leads to primary examination mis-

diagnosis.32,41 Further, clinical manifestations on the skin, such as

rashes and petechiae, have been reported in Covid-19 patients,42

which are also commonly found in dengue.33 A study in Italy found

that Covid-19 patients presented with skin erythematous, rash, urti-

caria, and vesicles.43 Skin manifestations have also been reported in

Madrid.44 Such skin manifestations, including rash or petechiae,

increase the challenge in differentiating between dengue and Covid-

19 in dengue-endemic regions.33,45 Misdiagnosis between Covid-19

and dengue based on clinical presentation was also reported in

Thailand, where patients presented with petechiae and thrombocyto-

penia, were diagnosed as dengue but were later diagnosed with

Covid-19 after developing respiratory symptoms and undergoing

reverse transcription polymerase chain reaction (RT-PCR) testing.33,46

In addition, a study of 41 Covid-19 patients reported the occurrence

of hematological disorders, such as leukopenia, decreased platelet

count40 and prothrombin time.45

Beyond the similar clinical manifestations of Covid-19 and den-

gue, misdiagnosis may be due to serological cross-reactivity between

SARS-CoV-2 and DENV. It was hypothesized that patients with previ-

ous exposure to DENV possess anti-DENV antibodies that are cross-

reactive with SARS-CoV-2 antigens.32 Alternatively, there may be

antigenic similarities between SARS-CoV-2 and DENV, such that upon

2 of 9 HARAPAN ET AL.



SARS-CoV-2 infection, the body is triggered to generate anti-DENV

antibodies derived from memory B cells.32 These possibilities might

have caused the false-positive phenomena in rapid dengue serology

tests.

Misdiagnosis due to serology cross-reactivity between Covid-19

and dengue was first reported in Singapore where patients were ini-

tially confirmed to have dengue through dengue IgM and IgG rapid

serological testing, but were later found to be positive for Covid-19

using RT-PCR testing.34 Subsequent RT-PCR analysis were failed to

detect DENV in both urine and blood samples, confirming the absence

of dengue infection in the respective patients. This suggests the possi-

bility of serological cross-reactivity between DENV and SARS-CoV-2,

in particular when using rapid serology-based test, that could lead to

significant challenges in dengue-endemic countries in Asia. In Indone-

sia for example, there have been no reports of misdiagnoses between

Covid-19 and dengue in the literature. However, there has been an

increase in dengue cases in the country; 68 000 cases have been

reported as of June 21, 2020.29 In Indonesia, most dengue cases were

exclusively diagnosed with IgM and IgG rapid serological testing, if

not clinically diagnosed.47,48 Therefore, it is possible that there were

Covid-19 cases among these dengue-diagnosed patients. In addition,

it remains challenging to access Covid-19 testing in Indonesia, as

reported early in the pandemic.49 The lack of adequate laboratories

across the country and low testing rate could hamper the diagnosis

and management of Covid-19 patients.

The wide range of Covid-19 clinical symptoms and lack of a spe-

cific and affordable test to differentiate Covid-19 and dengue have

led to serious impacts on community health in the dengue-endemic

countries. The WHO has reported that the antigen-based rapid diag-

nostic test (RDT) for Covid-19 has a sensitivity of 34% to 80%.50

Therefore, there is an urgent need for an affordable and accurate

diagnostic method to prevent misdiagnosis of Covid-19 and dengue in

Asian countries with limited resources.

2.2 | Shared pathophysiology between Covid-19
and dengue

Covid-19 and dengue exhibit some pathophysiological similarities,

such as capillary leakage, thrombocytopenia, and coagulopathy

F IGURE 1 Pathophysiological similarities between DHF and Covid-19. Plasma leakage, thrombocytopenia, and coagulopathy are the
hematological hallmarks of DHF and Covid-19. Both DENV and SARS-CoV-2 induce the activation of immune cells leading to the release of pro-

inflammatory cytokines such as TNF and IL-6. This event promotes increased vascular permeability that leads to plasma leakage. In DHF cases,
the destruction of platelets in the peripheral region by DENV has been suggested as the cause of thrombocytopenia which in the end culminates
as coagulopathy, disseminated intravascular coagulation, and in some cases, resulting in the death. While thrombocytopenia was also evident in
Covid-19 patients, pathophysiological mechanisms on how such event has occurred remain to be elucidated. Current data indicating that
endothelial damage coupled with platelet apoptosis and impaired bone marrow growth might be the drivers of thrombocytopenia and
coagulopathy in SARS-CoV-2-infected patients. The sequential pathophysiological process leads to the occurrence of DIC and the death of
Covid-19 patients remains to be demonstrated
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(Figure 1).39 Plasma leakage is a crucial factor for dengue pathophysi-

ology and is primarily mediated by the host immunological response.

Several immuno-mediators, including pro-inflammatory cytokines

such as tumor necrosis factor (TNF), interleukin-6 (IL-6), interferon

gamma (IFN-γ), and chemokines such as macrophage migration inhibi-

tory factor (MIF), are associated with plasma leakage.51,52 Altered

platelet function53 and increased C-reactive protein (CRP) levels54,55

are also responsible for plasma leakage. Covid-19 is characterized by

over-activation of effector T-cell function and increased inflammatory

cytokine production, especially IL-6, often leading to a cytokine

storm.56 IL-6, along with other inflammatory mediators, such as IL-1,

TNF, and IFN-γ, contribute not only to plasma leakage but also to

other vascular disorders, including vascular permeability and dissemi-

nated intravascular coagulation (DIC).57 In dengue, plasma leakage is

associated with the interaction between nonstructural protein

1 (NS1)-specific antibodies and proteins expressed on endothelial cell

surfaces, that may pave the way for the elevated rate of viral replica-

tion and inflammatory cytokine secretion.58-60 However, the mecha-

nism of capillary leakage in Covid-19 is not well understood and

further studies are required to elucidate it.

Recent studies have demonstrated that the severity or progres-

sion of Covid-19 is positively associated with plasma CRP levels.61-63

CRP is also important for dengue progression and may potentially be

used as a prognostic biomarker.64-67 Hepatocytes primarily synthesize

CRP upon stimulation through inflammation. CRP then binds various

pathogens and activates the complement system through the classical

pathway.68

Thrombocytopenia is one of the main characteristics of DENV

infection.69-73 In dengue, NS1 induces complement-mediated path-

ways, which cause platelet lysis.74 DENV infected endothelial cells

exhibit higher expression of E-selectin and P-selectin and increase the

interaction of platelets with monocytes, leukocytes, and endothelium,

which contribute to thrombocytopenia.75-78 In addition, elevated

levels of platelet-associated immunoglobulin (PAIgM or PAIgG) are

reported in dengue cases and are also correlated with thrombocyto-

penia.74 Thrombocytopenia is also observed in Covid-19 patients.79-81

A meta-analysis found that thrombocytopenia is associated with the

severity of Covid-19.79 SARS-CoV-2 infection has been speculated to

lead to endothelial damage and interfere with the activity of certain

receptors to inhibit bone marrow growth and induce apoptosis, lead-

ing to abnormal hematopoiesis and ultimately resulting in thrombocy-

topenia.82 Moreover, immune system-mediated specific destruction

of platelets has also been observed in Covid-19 patients, which may

arise from the elevated levels of immune complexes and autoimmune

antibodies.83 It is hypothesized that the cytokine storm damages the

bone marrow hematopoietic progenitor cells, resulting in a decline in

primary platelet production and a decline in platelet count in periph-

eral blood.83 However, these speculations must to be investigated

and verified in the context of SARS-CoV-2 infection.

Coagulopathy is one of the main pathologies associated with

DENV infection84,85 and is also presented in cases of Covid-19.86-88

Both SARS-CoV-2 and dengue infections exhibit prolonged prothrom-

bin time and partial thromboplastin time.89,90 Surprisingly, the activity

of coagulation factors, including prothrombin, factors V, VII, VIII, IX,

and X, antithrombin, and α2-antiplasmin, was markedly reduced dur-

ing the acute febrile stage of dengue; while in contrast, it appears to

increase in the Covid-19 patients.91 Growing evidence suggests that

hypercoagulable state was evident in Covid-19 patients. This condi-

tion leads to the increasing incidence of venous and arterial thrombo-

embolic diseases such as pulmonary embolism, venous

thromboembolism, myocardial infarction, stroke, and other microvas-

cular thrombosis (Figure 1).2,92-96 The pathobiology of coagulopathy

in Covid-19 is not well understood. A recent study reported the pres-

ence of antiphospholipid antibodies in Covid-19 patients, including

anticardiolipin IgA antibodies and anti-β2-glycoprotein I IgA and IgG

antibodies, which abnormally target several phosphoproteins.89 The

presence of these antiphospholipid antibodies is considered associ-

ated with coagulopathy.97 However, several critical illnesses and other

infections also elevated the levels of these antibodies; therefore, it is

speculated that the presence of these antibodies might be less associ-

ated with the occurrence of any severe coagulopathies.98 Studies

have also reported the presence of DIC pre-terminally in Covid-19

patients.86-88

2.3 | Dengue and Covid-19: The role of antibody-
dependent enhancement in disease progression

The pathogenesis of Covid-19 may include antibody-dependent

enhancement (ADE).99 Mechanistically, ADE involves the cross-linking

of virus and antibody or virus and activated complement component

complexes through interactions with cellular molecules, such as Fc

and complement receptors or cell surface molecules, to promote inter-

nalization of the virus and increase the infection of monocytic and

granulocytic cells.100-102 Although the role of ADE has been reported

in numerous contemporary viral diseases affecting humans and

animals,103-105 dengue is arguably the best disease model to study this

phenomenon.106 DENV homotypic infection confers long-lasting and

even life-time immunity. However, cross-neutralizing antibodies

against re-infection of different serotypes are short-lived.107,108 At

sub-neutralizing concentrations, these heterotypic antibodies may

trigger ADE and are associated with higher odds of more severe forms

of secondary infection when present at relatively low levels in chil-

dren.109 This condition affects the development of a dengue vaccine,

given that vaccination is considered to mimic a primary infection.

Indeed, the diminishing levels of antibodies may pose a serious risk of

ADE occurrence in children with secondary infections110 and may

cause alert for vaccine-induced enhancement of viral infection.111-113

Approximately 40-45% of SARS-CoV-2 infection may be

asymptomatic,114 despite clinical findings explaining the pathological

mechanism of Covid-19 as both directly cytotoxic and immune-medi-

ated.115 SARS-CoV-2 infection induces an exuberant inflammatory

response, known as a cytokine storm,116 which subsequently results

in uncontrolled pulmonary inflammation primed by rapid viral replica-

tion, cellular damage, virus-induced downregulation of angiotensin

converting enzyme 2 (ACE2), viral shedding, and ADE.117 In
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coronaviruses, ADE may function through the interaction of Fc, or

other receptors in susceptible cells, with the complex between virus

and anti-spike (S) protein-neutralizing antibodies, thereby facilitating

both inflammatory responses and persistent viral replication in the

lungs.102,117,118 ADE have been reported in severe acute respiratory

syndrome coronavirus (SARS-CoV) infection and has been observed in

vaccine-induced infections by a SARS-CoV vaccine through an Fc

gamma receptor II (FcγRII)-dependent mechanism.119 Polymorphic

FcγRIIA on monocytes has been reported to favor ligation of non-

neutralizing antibody-virus complexes in both dengue and Covid-19.

In dengue, this ligation activates the expression of negative regulators

of dihydroxyacetone kinase and autophagy proteins (cascade of

down-regulatory pathways) to decrease production of type I IFN-

activated antiviral molecules and suppress the capacity of macrophage

antiviral mechanisms, leading to enhanced viral replication.120

FcγRIIA-mediated enhancement has been reported in SARS-CoV in a

study of 180 people from Hong Kong who were infected with SARS-

CoV. Moreover, it was found that FcγRIIA polymorphism affects dis-

ease severity.121

ADE of SARS-CoV is thought to utilize a novel cell entry mech-

anism for entry into immune cells, wherein antibody-mediated

infection is dependent on FcγRII but does not utilize the

endosomal/lysosomal pathway through the ACE2 receptor.122 Viral

neutralization was demonstrated with concentrated antisera

against the S protein, although higher dilutions failed to neutralize

the infective virus and even induced apoptosis caused by increased

viral infection. In contrast, anti-nucleocapsid (N) protein antibodies

neither neutralized the virus, nor caused ADE. However, nucleo-

capsid proteins have been observed to induce cytotoxic T lympho-

cyte (CTL) immune responses that are specifically SARS-CoV-2

protective.118

The modulation of pathogenesis among diseases caused by

viruses from the same family has been previously described, such

as between Zika and dengue.113,123 Prior infections with other

coronaviruses, ranging from those that cause the common cold to

SARS, are thought to have primed Covid-19, and might lead to

the development of severe SARS-CoV-2 infection.99 However,

the molecular and immunological host response to SARS-CoV-2

infection have not yet been fully elucidated to confirm ADE.124 In

the tropical areas of the world, the apparent cross-reactivity

between antibodies in dengue and Covid-19 serology tests have

been reported.125 A study in Colombia found that there was a

decreasing trend of dengue during increasing reports of Covid-19

and it was speculated it might due to viral interference of SARS-

CoV-2 over DENV.126 Studies are needed to identify the interac-

tion between these antibodies against dengue and Covid-19.

How will Covid-19 pathogenesis in populations where the immu-

nities to DENV or other arboviruses are present? Furthermore,

the mechanism of ADE in viral infection has become a great con-

cern to disease control by vaccination. Therefore, the develop-

ment of SARS-CoV-2 vaccines has to incorporate approaches to

develop the vaccine with minimum or no risk for ADE, if ADE

exists in COVID-19.

2.4 | Covid-19 and dengue cross-reactivity:
Consequences for Covid-19 vaccine development

Vaccine development must account for safety measures, including

immune-related adverse events (irAE) that may result from vaccina-

tion. ADE leading to a cytokine storm is a hallmark of SARS-CoV path-

ogenesis and disease severity,127 and of dengue infection.109 This

may also be the case for SARS-CoV-2.28 ADE has been suggested to

be caused by pre-existing, non-neutralizing, low-affinity antibodies,111

along with neutralizing antibody128; therefore, the antigen design of a

vaccine must ensure correct antigen conformation129 or spike-based

subunit vaccines lacking the receptor binding domain (RBD).128

A recent study demonstrated that SARS-CoV-2 infection provides

protection from re-challenge in rhesus macaques;130 however, the

phenomenon in humans requires further investigation. Studies on vac-

cine candidates should examine whether antibodies raised by vaccine

administration result in protection or ADE. Pre-clinical trials of several

SARS-CoV-2 vaccine candidates have demonstrated protection after

challenge in animals,131,132 but similar results in humans and the

absence of ADE have yet to be observed. Given that anti-SARS-

CoV-2 antibodies have been indicated to cross-react with DENV anti-

gens within dengue rapid serological kits,34 there is a possibility that

anti-SARS-CoV-2 antibodies raised by a Covid-19 vaccine candidate

may also cross-react with DENV antigens. Because ADE in dengue

most often results in severe disease progression18,133 and ADE have

been observed previously in other coronavirus,118,119 it would be

advisable to also evaluate the possible effect of ADE-induced vaccine

in Covid-19.

3 | CONCLUSION, RECOMMENDATIONS
AND FURTHER PERSPECTIVE

As dengue-endemic region, some countries in Asia experiencing of

overlapping outbreaks of dengue and Covid-19. This poses a chal-

lenge for accurate diagnosis and treatment since both infections share

similar symptoms and laboratory features in the early phase. In addi-

tion, cross-reactivity between antibodies against DENV and SARS-

CoV-2 serology tests have been documented in reports. Therefore, a

simple and affordable rapid test capable of differentiating SARS-

CoV-2 and DENV with high sensitivity, is urgently needed. In addition,

there is an urgent need to establish additional laboratories to perform

specific RT-PCR testing for SARS-CoV-2 in the region.

Although some studies have speculated the possible interaction

between SARS-CoV-2 and DENV126 and the possible of ADE in

SARS-CoV-2 infection,134 no strong evidence yet to support this and

further studies are warranted to elucidate this association. There is

minimal analysis of the immunological differences in the mechanisms

of enhancement and differences in receptor binding viral proteins

among two genetically diverse RNA viruses such as DENV and SARS-

CoV-2. Detailed receptor sequence analysis would be required to sub-

stantiate the possibility of cross-reactivity between DENV and SARS-

CoV-2 antibodies and to establish the immunological relations
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between the antibodies elicited by DENV infection and their impact

on Covid-19 and vice versa.

Other perspectives that need to be explored are the role of vec-

tor control and changes of DENV serotype circulating during the

Covid-19 pandemic in the region. During the pandemic, vector control

measures might have decreased in the community and dengue pre-

vention programs might have been paused in some countries. There-

fore, countries that are experiencing or have high risk for dengue

outbreak should maintain the vector control measures during the pan-

demic.135 One of the most possible strategies is to improve within-

household strategies by encouraging community members to reduce

mosquitoes breeding sites in and around the homes. Lastly, displace-

ment of DENV serotypes or genotypes leading to the cyclic pattern of

dengue have been reported in several countries in Asia previ-

ously.47,48,136-138 This could be another possible reason for the

observed increase of dengue cases during Covid-19 pandemic. Con-

tinuous dengue surveillance needs to be in placed to track transmis-

sion dynamics of DENV infection in the region.

CONFLICT OF INTEREST

The authors declare no competing interests.

AUTHOR CONTRIBUTIONS

Conceptualization, Harapan Harapan; validation, Harapan Harapan,

Mirza Ryan, Benediktus Yohan, Rufika Shari Abidin, Firzan Nainu,

Ahmed Rakib, Israt Jahan, Talha Bin Emran, Irfan Ullah, Kritu Panta,

Kuldeep Dhama, and R. Tedjo Sasmono; writing—original draft prepa-

ration, Harapan Harapan, Mirza Ryan, Benediktus Yohan, Rufika Shari

Abidin, Firzan Nainu, Israt Jahan, Talha Bin Emran, and Kritu Panta;

writing—review and editing, Harapan Harapan, Benediktus Yohan,

Firzan Nainu, Kuldeep Dhama, and R. Tedjo Sasmono. All authors

have read and agreed to the published version of the manuscript.

DATA AVAILABILITY STATEMENT

Data sharing is not applicable to this article as no new data were cre-

ated or analyzed in this study.

ORCID

Harapan Harapan https://orcid.org/0000-0001-7630-8413

REFERENCES

1. Lu HS, Charles W, Tang Y-W. Outbreak of pneumonia of unknown

Etiology in wham, China: the mystery and the miracle. J Med Virol.

2020;92:401-402.

2. Helms J, Tacquard C, Severac F, et al. High risk of thrombosis in

patients with severe SARS-CoV-2 infection: a multicenter prospec-

tive cohort study. Intensive Care Med. 2020;46:1089-1098.

3. Harapan H, Itoh N, Yufika A, et al. Coronavirus disease 2019

(COVID-19): a literature review. J Infect Public Health. 2020;13:

667-673.

4. Coronavirus Disease 2019 (COVID-19) situation report-1. Indonesia:

World Health Organization Indonesia; 2020.

5. Rafiq D, Batool A, Bazaz MA. Three months of COVID-19: a

systematic review and meta-analysis. Rev Med Virol. 2020;30:

e2113.

6. Singhal T. A review of coronavirus Disease-2019 (COVID). Indian J

Pediatr. 2020;87:281-286.

7. Modes of transmission of virus causing COVID-19: implications for

IPC precaution recommendations. 2020.

8. Saha A, Saha B. Novel coronavirus SARS-CoV-2 (Covid-19) dynamics

inside the human body. Rev Med Virol. 2020;e2140. https://doi.org/

10.1002/rmv.2140 (In press).

9. Zhao H, Lu X, Deng Y, Tang Y, Lu J. COVID-19: asymptomatic carrier

transmission is an underestimated problem. Epidemiol Infect. 2020;

148:e116.

10. Lu D, Sang L, Du S, et al. Asymptomatic COVID-19 infection in late

pregnancy indicated no vertical transmission. J Med Virol. 2020;92:

1660–1664.
11. Huff HV, Singh A. Asymptomatic transmission during the COVID-19

pandemic and implications for public health strategies. Clin Infect

Dis. 2020. https://doi.org/10.1093/cid/ciaa654 (In press).

12. Bai Y, Yao L, Wei T, et al. Presumed asymptomatic carrier transmis-

sion of COVID-19. JAMA. 2020;323:1406.

13. Gandhi M, Yokoe DS, Havlir DV. Asymptomatic transmission, the

Achilles' heel of current strategies to control Covid-19. N Engl J Med.

2020;382:2158-2160.

14. Frediansyah A, Nainu F, Dhama K, Mudatsir M, Harapan M.

Remdesivir and its antiviral activity against COVID-19: a systematic

review. Clin Epidemiol Glob Health. 2020. https://doi.org/10.1016/j.

cegh.2020.07.011 (In press).

15. Frediansyah A, Tiwari R, Sharun K, Dhama K, Harapan H. Antivirals

for COVID-19: a critical review. Clinical Epidemiol Glob Health. 2020.

https://doi.org/10.1016/j.cegh.2020.07.006 (In press).

16. Keam S, Megawati D, Patel SK, et al. Immunopathology and immu-

notherapeutic strategies in severe acute respiratory syndrome coro-

navirus 2 infection. Rev Med Virol. 2020. https://doi.org/10.1002/

rmv.2123 (In press).

17. Sharun K, Tiwari R, Yatoo M, et al. Antibody-based immunothera-

peutics and useof convalescent plasma to counter COVID-19:

advances and prospects. Expert Opin Biol Ther. 2020;20:1033-1046.

https://doi.org/10.1080/14712598.2020.1796963.

18. Wilder-Smith A, Ooi EE, Horstick O, Wills B. Dengue. Lancet. 2019;

393:350-363.

19. Redoni M, Yacoub S, Rivino L, et al. Dengue: status of current and

under-development vaccines. Rev Med Virol. 2020;30:e2101.

20. Wilder-Smith A. Dengue vaccine development: status and future.

Bundesgesundheitsblatt Gesundheitsforschung Gesundheitsschutz.

2020;63:40-44.

21. Ahmed AM, Mohammed AT, Vu TT, et al. Prevalence and burden of

dengue infection in Europe: a systematic review and meta-analysis.

Rev Med Virol. 2020;30:e2093.

22. Halstead S, Wilder-Smith A. Severe dengue in travellers: pathogene-

sis, risk and clinical management. J Travel Med. 2019;26(7):taz062.

23. Masyeni S, Yohan B, Somia IKA, Myint KSA, Sasmono RT. Dengue

infection in international travellers visiting Bali. Indonesia J Travel

Med. 2018;25(1):tay061.

24. Redondo-Bravo L, Ruiz-Huerta C, Gomez-Barroso D, Sierra-

Moros MJ, Benito A, Herrador Z. Imported dengue in Spain: a

nationwide analysis with predictive time series analyses. J Travel

Med. 2019;26(8):taz072.

25. Wilder-Smith A. Dengue infections in travellers. Paediatr Int Child

Health. 2012;32(Suppl 1):28-32.

26. Sung V, O'Brien DP, Matchett E, Brown GV, Torresi J. Dengue fever

in travelers returning from Southeast Asia. J Travel Med. 2003;10:

208-213.

27. Dengue in South-East Asia. 2020.

28. Lambert PH, Ambrosino DM, Andersen SR, et al. Consensus sum-

mary report for CEPI/BC march December 13, 2020 meeting:

assessment of risk of disease enhancement with COVID-19 vac-

cines. Vaccine. 2020;38:4783-4791.

6 of 9 HARAPAN ET AL.

https://orcid.org/0000-0001-7630-8413
https://orcid.org/0000-0001-7630-8413
https://doi.org/10.1002/rmv.2140
https://doi.org/10.1002/rmv.2140
https://doi.org/10.1093/cid/ciaa654
https://doi.org/10.1016/j.cegh.2020.07.011
https://doi.org/10.1016/j.cegh.2020.07.011
https://doi.org/10.1016/j.cegh.2020.07.006
https://doi.org/10.1002/rmv.2123
https://doi.org/10.1002/rmv.2123
https://doi.org/10.1080/14712598.2020.1796963


29. Arabnews. Indonesia battles dengue outbreak as COVID-19 persists.

2020. https://wwwarabnewscom/node/1694036/. Accessed June

23, 2020.

30. News. K. Dengue fever cases spike in Indonesia alongside coronavirus.

2020. https://englishkyodonewsnet/news/2020/06/0c268e0570e1-

dengue-fever-cases-spike-in-indonesia-alongside-coronavirushtml.

Accessed June 23, 2020.

31. Emergencies preparednes, response: Disease outbreak news. 2020.

32. Biswas S, Sukla S. COVID-19 virus infection and transmission are

observably less in highly dengue-endemic countries: Can dengue

vaccines be "repurposed" to prevent COVID-19? OSF Preprints.

2020.

33. Joob B, Wiwanitkit V. COVID-19 can present with a rash and be

mistaken for dengue. J Am Acad Dermatol. 2020;82:e177.

34. Yan GL, Kiat C, Lam LTM, et al. Convert COVID 19 and false - posi-

tive dengue serology in Singapore. Lancet Infect Dis. 2020;20:536.

35. Saavedra-Velasco M, Chiara-Chilet C, Pichardo-Rodriguez R,

Grandez-Urbina A, Inga-Berrospi F. Coinfection between dengue

and covid-19: need for approach in endemic zones. Revista de la

Facultad de Ciencias Medicas (Cordoba, Argentina). 2020;77:52-54.

36. Hodkinson B, Singh P, Gcelu A, et al. Navigating COVID-19 in the

developing world. Clin Rheumatol. 2020;29:2039-2042.

37. Shammi M, Bodrud-Doza M, Towfiqul Islam ARM, Rahman MM.

COVID-19 pandemic, socioeconomic crisis and human stress in resource-

limited settings: a case from Bangladesh. Heliyon. 2020;6:e04063.

38. Wu D, Lu J, Liu Q, Ma X, He W. To alert coinfection of COVID-19

and dengue virus in developing countries in the dengue-endemic

area. Infect Control Hosp Epidemiol. 2020. https://doi.org/10.1017/

ice.2020.187 (In press).

39. Lorenz C, Azevedo TS, Chiaravalloti-Neto F. COVID-19 and dengue

fever: a dangerous combination for the health system in Brazil.

Travel Med Infect Dis. 2020;35:101659.

40. Xiao SY, Wu Y, Liu H. Evolving status of the 2019 novel coronavirus

infection: proposal of conventional serologic assays for disease diag-

nosis and infection monitoring [commentary/review]. J Med Virol.

2020;92:464-467.

41. Huang Y, Menggi T, Wang S, et al. Clinical characteristics of labora-

tory confirmed positive cases of SARS-CoV-2 infection in Wuhan,

China: A retrospective single center analysis. Travel Med Infect Dis.

2020. https://doi.org/10.1016/j.tmaid.2020.101606 (In press).

42. Criado PR, Pagliari C, Carneiro FRO, Quaresma JAS. Lessons from

dermatology about inflammatory responses in Covid-19. Rev Med

Virol. 2020;e2130. https://doi.org/10.1002/rmv.2130. (In press)

43. Recalcati S. Cutaneous manifestations in COVID-19: a first perspec-

tive. J Eur Acad Dermatol Adn Venerol. 2020;34:e212.

44. Jimenez JCO, Quijano D, Prieto MB, Moreno OMA, Fernandez ND.

Petechial rash in a patient with COVID-19 infection. J Am Acad

Dermatol. 2020;e1-e2. https://doi.org/10.1016/j.jaad.2020.04.016

(In press).

45. Joob B, Wiwanitkit V. Hemorrhagic problem among the patients

with COVID-19: clinical summary of 41 Thai infected patients.

J Sage. 2020;26:1

46. Joob B, Wiwanitki V. COVID-19 in medical personnel: observation

from Thailand. J Hosp Infect. 2020;104:453.

47. Harapan H, Michie A, Yohan B, et al. Dengue viruses circulating in

Indonesia: a systematic review and phylogenetic analysis of data

from five decades. Rev Med Virol. 2019;29:e2037.

48. Harapan H, Michie A, Mudatsir M, Sasmono RT, Imrie A. Epidemiol-

ogy of dengue hemorrhagic fever in Indonesia: analysis of five

decades data from the National Disease Surveillance. BMC Res

Notes. 2019;12:350.

49. Respati T, Wanti NRD. Prediction of dengue case in Kupang, East

Nusa Tenggara, Indonesia. 2020.

50. Saran Penggunaan Tes Imunodiagnostik di Fasyankes (Point of Care)

untuk COVID-19. Indonesia: World Health Organization; 2020.

51. Ferreira RAX, de Oliveira SA, Gandini M, et al. Circulating cyto-

kines and chemokines associated with plasma leakage and hepatic

dysfunction in Brazilian children with dengue fever. Acta Trop.

2015;149:138-147.

52. Vervaeke P, Vermeire K, Liekens S. Endothelial dysfunction in den-

gue virus pathology. Rev Med Virol. 2015;25:50-67.

53. Michels M, Alisjahbana B, de Groot PG, et al. Platelet function alter-

ations in dengue are associated with plasma leakage. Thromb

Haemost. 2014;112:352-362.

54. Chen C-C, Lee I-K, Liu J-W, Huang S-Y, Wang L. Utility of C-reactive

protein levels for early prediction of dengue severity in adults.

Biomed Res Int. 2015;2015:936062.

55. Eppy E, Suhendro S, Nainggolan L, Rumende CM. The differences

between interleukin-6 and C-reactive protein levels among adult

patients of dengue infection with and without plasma leakage. Acta

Med Indones. 2016;48:3.

56. Chen C, Zhang X, Ju Z, He W. Advances in the research of cytokine

storm mechanism induced by Corona virus disease 2019 and the

corresponding immunotherapies. Chin J Burns. 2020;36:E005.

57. Monteleone G, Sarzi-Puttini PC, Ardizzone S. Preventing COVID-

19-induced pneumonia with anticytokine therapy. Lancet Rheumatol.

2020;2:e255-e256.

58. Falconar A. The dengue virus nonstructural-1 protein (NS1) gen-

eratesantibodies to common epitopes on human blood clotting,

integrin/adhesin proteins and binds to humanendothelial cells:

potential implications in haemorrhagic fever pathogenesis. Arch Virol.

1997;142:897-916.

59. Jacobs MG, Robinson PJ, Bletchly C, Mackenzie JM, Young PR. Den-

gue virus nonstructural protein 1 is expressed in a glycosyl-pho-

sphatidylinositol-linked form that is capable of signal transduction.

FASEB J. 2000;14:1603-1610.

60. Lin C-F, Chiu S-C, Hsiao Y-L, et al. Expression of cytokine, chemo-

kine, and adhesion molecules during endothelial cell activation

induced by antibodies against dengue virus nonstructural protein 1.

J Immunol. 2005;174:395-403.

61. Chen W, Zheng KI, Liu S, et al. Plasma CRP level is positively associ-

ated with the severity of COVID-19. Ann Clin Microbiol Antimicrob.

2020;19:1-7.

62. Tan C, Huang Y, Shi F, et al. C-reactive protein correlates with com-

puted tomographic findings and predicts severe COVID-19 early.

J Med Virol. 2020;92:856-862.

63. Wang L. C-reactive protein levels in the early stage of COVID-19.

Med mal Infect. 2020;50:332-334.

64. Yacoub S, Wills B. Predicting outcome from dengue. BMC Med.

2014;12:147.

65. Diamond MS, Pierson TC. Molecular insight into dengue virus pathogen-

esis and its implications for disease control. Cell. 2015;162:488-492.

66. Vuong NL, Le Duyen HT, Lam PK, et al. C-reactive protein as a

potential biomarker for disease progression in dengue: a multi-

country observational study. BMC Med. 2020;18:35.

67. Wang G, Wu C, Zhang Q, et al. C-Reactive Protein Level May Pre-

dict the Risk of COVID-19 Aggravation. Open Forum Infectious Dis-

eases. 2020;7(5):ofaa153. http://dx.doi.org/10.1093/ofid/ofaa153.

68. Zhou Z, Xu MJ, Gao B. Hepatocytes: a key cell type for innate immu-

nity. Cell Mol Immunol. 2016;13:301-315.

69. Schexneider K, Reedy E. Thrombocytopenia in dengue fever. Curr

Hematol Rep. 2005;4:145-148.

70. Kalayanarooj S, Chansiriwongs V, Nimmannitya S. Dengue patients

at the Children's Hospital, Bangkok: 1995-1999 Review 2002.

71. Mour~ao M, Lacerda M, Macedo V, et al. Thrombocytopenia in

patients with dengue virus infection in the Brazilian Amazon. Plate-

lets. 2007;18:605-612.

72. Bozza FA, Cruz OG, Zagne SM, et al. Multiplex cytokine profile from

dengue patients: MIP-1beta and IFN-gamma as predictive factors

for severity. BMC Infect Dis. 2008;8:86.

HARAPAN ET AL. 7 of 9

https://wwwarabnewscom/node/1694036/
https://englishkyodonewsnet/news/2020/06/0c268e0570e1-dengue-fever-cases-spike-in-indonesia-alongside-coronavirushtml
https://englishkyodonewsnet/news/2020/06/0c268e0570e1-dengue-fever-cases-spike-in-indonesia-alongside-coronavirushtml
https://doi.org/10.1017/ice.2020.187
https://doi.org/10.1017/ice.2020.187
https://doi.org/10.1016/j.tmaid.2020.101606
https://doi.org/10.1002/rmv.2130
https://doi.org/10.1016/j.jaad.2020.04.016
http://dx.doi.org/10.1093/ofid/ofaa153


73. Honda S, Saito M, Dimaano EM, et al. Increased phagocytosis

of platelets from patients with secondary dengue virus infec-

tion by human macrophages. Am J Trop Med Hyg. 2009;80:

841-845.

74. Hottz E, Tolley ND, Zimmerman GA, Weyrich AS, Bozza FA. Plate-

lets in dengue infection. Drug Discov Today. 2011;8:e33-e38.

75. Lin Y-S, Yeh T-M, Lin C-F, et al. Molecular mimicry between virus

and host and its implications for dengue disease pathogenesis. Exp

Biol Med. 2011;236:515-523.

76. Krishnamurti C, Peat RA, Cutting MA, Rothwell SW. Platelet adhe-

sion to dengue-2 virus-infected endothelial cells. Am J Trop Med

Hyg. 2002;66:435-441.

77. Ghosh K, Gangodkar S, Jain P, et al. Imaging the interaction

between dengue 2 virus and human blood platelets using atomic

force and electron microscopy. J Electron Microsc (Tokyo). 2008;

57:113-118.

78. Tsai J-J, Jen Y-H, Chang J-S, Hsiao HM, Noisakran S, Perng GC. Fre-

quency alterations in key innate immune cell components in the

peripheral blood of dengue patients detected by FACS analysis.

J Innate Immun. 2011;3:530-540.

79. Lippi G, Plebani M, Henry BM. Thrombocytopenia is associated with

severe coronavirus disease 2019 (COVID-19) infections: a meta-

analysis. Clin Chim Acta. 2020;506:145–148.
80. Yang X, Yang Q, Wang Y, et al. Thrombocytopenia and its associa-

tion with mortality in patients with COVID-19. J Thromb Haemost.

2020;18:1469-1472.

81. Rodriguez-Morales AJ, Cardona-Ospina JA, Gutierrez-Ocampo E,

et al. Clinical, laboratory and imaging features of COVID-19: a sys-

tematic review and meta-analysis. Travel Med Infect Dis. 2020;34:

101623.

82. Zhang Y, Zeng X, Jiao Y, et al. Mechanisms involved in the develop-

ment of thrombocytopenia in patients with COVID-19. Thrombosis

Research. 2020;193:110–115. http://dx.doi.org/10.1016/j.thromres.

2020.06.008.

83. Xu P, Zhou Q, Xu J. Mechanism of thrombocytopenia in COVID-19

patients. Ann Hematol. 2020;99:1205-1208.

84. Sun DS, Chang YC, Lien TS, et al. Endothelial cell sensitization by

death receptor fractions of an anti-dengue nonstructural protein

1 antibody induced plasma leakage, coagulopathy, and mortality in

mice. J Immunol. 2015;195:2743-2753.

85. Rachman A, Rinaldi I. Coagulopathy in dengue infection and the role

of interleukin-6. Acta Med Indones. 2006;38:105-108.

86. McGonagle D, O'Donnell JS, Sharif K, Emery P, Bridgewood C.

Immune mechanisms of pulmonary intravascular coagulopathy in

COVID-19 pneumonia. The Lancet Rheumatology. 2020;2(8):e460–
e461.

87. Tang N, Li D, Wang X, Sun Z. Abnormal coagulation parameters are

associated with poor prognosis in patients with novel coronavirus

pneumonia. J Thromb Haemost. 2020;18:844-847.

88. Zhang Y, Cao W, Xiao M, et al. Clinical and coagulation characteris-

tics in 7 patients with critical COVID-2019 pneumonia and acro-

ischemia. Zhonghua Xue Ye Xue Za Zhi= Zhonghua Xueyexue Zazhi.

2020;41:302-307.

89. Zhang Y, Xiao M, Zhang S, et al. Coagulopathy and antiphospholipid

antibodies in patients with Covid-19. New Engl J Med. 2020;

382:e38.

90. Chuansumrit A, Tangnararatchakit K. Pathophysiology and manage-

ment of dengue hemorrhagic fever. Trans Alt Trans Med. 2006;8:

3-11.

91. Hussain A, Bhowmik B, do Vale Moreira NC. COVID-19 and diabe-

tes: knowledge in progress. Diabetes Res Clin Pract. 2020;162:

108142.

92. Klok FA, Kruip M, van der Meer NJM, et al. Incidence of thrombotic

complications in critically ill ICU patients with COVID-19. Thromb

Res. 2020;191:145-147.

93. Klok FA, Kruip M, van der Meer NJM, et al. Confirmation of the high

cumulative incidence of thrombotic complications in critically ill ICU

patients with COVID-19: an updated analysis. Thromb Res. 2020;

191:148-150.

94. Han H, Yang L, Liu R, et al. Prominent changes in blood coagulation

of patients with SARS-CoV-2 infection. Clin Chem Lab Med. 2020;

58:1116-1120.

95. Cui S, Chen S, Li X, Liu S, Wang F. Prevalence of venous thrombo-

embolism in patients with severe novel coronavirus pneumonia.

J Thromb Haemost. 2020;18:1421-1424.

96. Abou-Ismail MY, Diamond A, Kapoor S, Arafah Y, Nayak L. The

hypercoagulable state in COVID-19: incidence, pathophysiology,

and management. Thromb Res. 2020;194:101-115.

97. McGuire D, Zeidman A, Mittelman M. Non-Hodgkin's lymphoma

presenting with coagulopathy due to anti-phospholipid antibody

syndrome. Leuk Lymphoma. 1997;26:193-196.

98. Uthman IW, Gharavi AE. Viral infections and antiphospholipid anti-

bodies. Semin Arthritis Rheum. 2002;31(4):256-263.

99. Negro F. Is antibody-dependent enhancement playing a role in

COVID-19 pathogenesis? Swiss Med Wkly. 2020;150:w20249.

100. Mady BJ, Erbe DV, Kurane I, Fanger MW, Ennis FA. Antibody-

dependent enhancement of dengue virus infection mediated by

bispecific antibodies against cell surface molecules other than fc

gamma receptors. J Immunol. 1991;147:3139-3144.

101. Taylor A, Foo SS, Bruzzone R, Vu Dinh L, King NJC, Mahalingam S.

Fc receptors in antibody-dependent enhancement of viral infections.

Immunol Rev. 2015;268:340-364.

102. Takada A, Kawaoka Y. Antibody-dependent enhancement of viral

infection: molecular mechanisms and in vivo implications. Rev Med

Virol. 2003;13:387-398.

103. Gorlani A, Forthal DN. Antibody-dependent enhancement and the

risk of HIV infection. Curr HIV Res. 2013;11:421-426.

104. Furuyama W, Marzi A, Carmody AB, et al. Fcgamma-receptor IIa-

mediated Src Signaling pathway is essential for the antibody-

dependent enhancement of Ebola virus infection. PLoS Pathog.

2016;12:e1006139.

105. Nakayama E, Tomabechi D, Matsuno K, et al. Antibody-dependent

enhancement of Marburg virus infection. J Infect Dis. 2011;204

(Suppl 3):S978-S985.

106. Halstead SB. Neutralization and antibody-dependent enhancement

of dengue viruses. Adv Virus Res. 2003;60:421-467.

107. Montoya M, Gresh L, Mercado JC, et al. Symptomatic versus inap-

parent outcome in repeat dengue virus infections is influenced by

the time interval between infections and study year. PLoS Negl Trop

Dis. 2013;7:e2357.

108. Gubler DJ. Dengue and dengue hemorrhagic fever. Clin Microbiol

Rev. 1998;11:480-496.

109. Katzelnick LC, Gresh L, Halloran ME, et al. Antibody-dependent

enhancement of severe dengue disease in humans. Science. 2017;

358:929-932.

110. Hadinegoro SR, Arredondo-Garcia JL, Capeding MR, et al. Efficacy

and long-term safety of a dengue vaccine in regions of endemic dis-

ease. N Engl J Med. 2015;373:1195-1206.

111. Tirado SM, Yoon KJ. Antibody-dependent enhancement of virus

infection and disease. Viral Immunol. 2003;16:69-86.

112. Huisman W, Martina BE, Rimmelzwaan GF, Gruters RA,

Osterhaus AD. Vaccine-induced enhancement of viral infections.

Vaccine. 2009;27:505-512.

113. Khandia R, Munjal A, Dhama K, et al. Modulation of dengue/Zika

virus pathogenicity by antibody-dependent enhancement and strat-

egies to protect against enhancement in Zika virus infection. Front

Immunol. 2018;9:597.

114. Oran DP, Topol EJ. Prevalence of asymptomatic SARS-CoV-2 infec-

tion: a narrative review. Ann Intern Med. 2020. https://doi.org/10.

7326/M20-3012 (In press).

8 of 9 HARAPAN ET AL.

http://dx.doi.org/10.1016/j.thromres.2020.06.008
http://dx.doi.org/10.1016/j.thromres.2020.06.008
https://doi.org/10.7326/M20-3012
https://doi.org/10.7326/M20-3012


115. Jin Y, Yang H, Ji W, et al. Virology, epidemiology, pathogenesis, and

control of COVID-19. Viruses. 2020;12(4):372.

116. Dhama K, Patel SK, Pathak M, et al. An update on SARS-CoV-

2/COVID-19 with particular reference to its clinical pathology, path-

ogenesis, immunopathology and mitigation strategies. Travel Med

Infect Dis. 2020;101755. https://doi.org/10.1016/j.tmaid.2020.

101755 (In press).

117. Fu Y, Cheng Y, Wu Y. Understanding SARS-CoV-2-mediated inflam-

matory responses: from mechanisms to potential therapeutic tools.

Virol Sin. 2020;35:266-271.

118. Wang S-F, Tseng S-P, Yen C-H, et al. Antibody-dependent SARS

coronavirus infection is mediated by antibodies against spike pro-

teins. Biochem Biophys Res Commun. 2014;451:208-214.

119. Kam YW, Kien F, Roberts A, et al. Antibodies against trimeric S gly-

coprotein protect hamsters against SARS-CoV challenge despite

their capacity to mediate FcgammaRII-dependent entry into B cells

in vitro. Vaccine. 2007;25:729-740.

120. Halstead SB, Mahalingam PS, Marovich MA, Ubol S, Mosser PDM.

Intrinsic antibody-dependent enhancement of microbial infection in

macrophages: disease regulation by immune complexes. Lancet

Infect Dis. 2010;10:712-722.

121. Yuan FF, Tanner J, Chan PK, et al. Influence of FcgammaRIIA and

MBL polymorphisms on severe acute respiratory syndrome. Tissue

Antigens. 2005;66:291-296.

122. Jaume M, Yip MS, Cheung CY, et al. Anti-severe acute respiratory

syndrome coronavirus spike antibodies trigger infection of human

immune cells via a pH- and cysteine protease-independent

FcgammaR pathway. J Virol. 2011;85:10582-10597.

123. Bardina SV, Bunduc P, Tripathi S, et al. Enhancement of Zika virus

pathogenesis by preexisting antiflavivirus immunity. Science. 2017;

356:175-180.

124. Tetro JA. Is COVID-19 receiving ADE from other coronaviruses?

Microbes Infect. 2020;22:72-73.

125. Yan G, Lee CK, Lam LTM, et al. Covert COVID-19 and false-

positive dengue serology in Singapore. Lancet Infect Dis. 2020;

20:536.

126. Cardona-Ospina JA, Arteaga-Livias K, Villamil-Gomez WE, et al. Den-

gue and COVID-19, overlapping epidemics? An analysis from Colom-

bia. J Med Virol. 2020. https://doi.org/10.1002/jmv.26194 (In press).

127. Liu L, Wei Q, Lin Q, et al. Anti-spike IgG causes severe acute lung

injury by skewing macrophage responses during acute SARS-CoV

infection. JCI Insight. 2019;4(4):e123158.

128. Wan Y, Shang J, Sun S, et al. Molecular mechanism for antibody-

dependent enhancement of coronavirus entry. J Virol. 2020;94(5):

e02015–e02019.
129. Graham BS. Rapid COVID-19 vaccine development. Science. 2020;

368:945-946.

130. Chandrashekar A, Liu J, Martinot AJ, et al. SARS-CoV-2 infection

protects against rechallenge in rhesus macaques. Science. 2020;369

(6505):812–817.
131. Chandrashekar A, Liu J, Martinot AJ, et al. SARS-CoV-2 infection

protects against rechallenge in rhesus macaques. Science. 2020;369

(6505):812–817. http://dx.doi.org/10.1126/science.abc4776.
132. Yu J, Tostanoski LH, Peter L, et al. DNA vaccine protection against

SARS-CoV-2 in rhesus macaques. Science. 2020;369(6505):

806–811.
133. Halstead SB. Dengue antibody-dependent enhancement: knowns

and unknowns. Microbiol Spectr. 2014;2(6):AID-0022-2014.

134. Ulrich H, Pillat MM, Tarnok A. Dengue fever, COVID-19 (SARS-

CoV-2), and antibody-dependent enhancement (ADE): a perspec-

tive. Cytometry A. 2020;97:662-667.

135. Wilder-Smith A, Tissera H, Ooi EE, Coloma J, Scott TW, Gubler DJ.

Preventing dengue epidemics during the COVID-19 pandemic.

Am J Trop Med Hyg. 2020;103:570-571. https://doi.org/10.4269/

ajtmh.20-0480.

136. Shu PY, Su CL, Liao TL, et al. Molecular characterization of dengue

viruses imported into Taiwan during 2003-2007: geographic distri-

bution and genotype shift. Am J Trop Med Hyg. 2009;80:1039-1046.

137. Thu HM, Lowry K, Myint TT, et al. Myanmar dengue outbreak asso-

ciated with displacement of serotypes 2, 3, and 4 by dengue 1.

Emerg Infect Dis. 2004;10:593-597.

138. Pongsiri P, Themboonlers A, Poovorawan Y. Changing pattern of

dengue virus serotypes in Thailand between 2004 and 2010.

J Health Popul Nutr. 2012;30:366-370.

How to cite this article: Harapan H, Ryan M, Yohan B, et al.

Covid-19 and dengue: Double punches for dengue-endemic

countries in Asia. Rev Med Virol. 2020;e2161. https://doi.org/

10.1002/rmv.2161

HARAPAN ET AL. 9 of 9

https://doi.org/10.1016/j.tmaid.2020.101755
https://doi.org/10.1016/j.tmaid.2020.101755
https://doi.org/10.1002/jmv.26194
http://dx.doi.org/10.1126/science.abc4776
https://doi.org/10.4269/ajtmh.20-0480
https://doi.org/10.4269/ajtmh.20-0480
https://doi.org/10.1002/rmv.2161
https://doi.org/10.1002/rmv.2161

	Covid-19 and dengue: Double punches for dengue-endemic countries in Asia
	1  INTRODUCTION
	2  COVID-19 PANDEMIC AND ITS EFFECT ON DENGUE IN ASIA
	2.1  Misdiagnosis between dengue and Covid-19
	2.2  Shared pathophysiology between Covid-19 and dengue
	2.3  Dengue and Covid-19: The role of antibody-dependent enhancement in disease progression
	2.4  Covid-19 and dengue cross-reactivity: Consequences for Covid-19 vaccine development

	3  CONCLUSION, RECOMMENDATIONS AND FURTHER PERSPECTIVE
	  CONFLICT OF INTEREST
	  AUTHOR CONTRIBUTIONS
	  DATA AVAILABILITY STATEMENT

	REFERENCES


